Abstract-»-A number of cases of respiratory sensitization to soluble platinum have arisen in the U.K. over the last few years, despite measured 8 h TWA exposure levels below the current longterm exposure limit in most cases. One possible cause of sensitization may be as a result of high exposures over short periods. Short-term sampling has been hampered by inadequate sampling and analysis techniques. This investigation has used two types of personal inhalable sampler, with ICP-MS analysis, to take 15 min TWA soluble platinum exposure measurements at three sites. The lower detection limit for soluble platinum salts was approximately 0.01 ug m~3 for IS min samples, allowing exposures two orders of magnitude below the exposure limit to be measured. It was found that the majority of short-term exposure levels were significantly below 0.006 mg m~3. No evidence was found for altered work practices during sampling, indicating that either sensitization is occurring at airborne exposure levels below the exposure limit, or there is an alternate route of exposure.iCrown copyright
INTRODUCTION
A number of cases of sensitization to soluble platinum salts have arisen in the U.K. over the last few years, despite measured 8 h time weighted average (TWA) exposure levels rarely exceeding the current occupational exposure standard of 2 ug m~3. This limit is likely to become a maximum exposure limit in the U.K. (at the same value) in 1997. The British Control of Substances Hazardous to Health Regulations will then require exposure to be reduced as far as is reasonably practicable and in any case, below that value. It has not been possible to determine any correlation between sensitization and exposure because the current recommended sampling and analysis method has a detection limit close to the exposure limit for soluble platinum salts. Indeed in many cases, sensitization has occurred where it has not been possible to detect any airborne soluble platinum.
Although sensitization may be occurring at average exposure levels below the 2 ug m~3 limit, there is also concern that sensitization may arise from short-term very high exposures but the limitations of the analytical technique, or any guidance on how to take short-term samples, has led to a dearth of information in this area.
In the light of this need for more information on short-term exposure to soluble platinum salts, the Health and Safety Executive has carried out a field-based investigation which has involved both evaluating the use of two types of personal inhalable sampler and developing an alternative method of analysis. This paper presents the findings of both long and short-term sampling carried out at three sites where workers may be exposed to soluble platinum salts.
SAMPLING EQUIPMENT
Aerosol sampling was carried out with two types of personal inhalable sampler. The first was the IOM inhalable sampling head (manufactured by SKC U.K. Ltd) recommended for use in the U.K. (HSE, 1993) . This is aspirated at 2 1 min" 1 , and samples on to a filter held in a conducting plastic or metal cassette. A plastic cassette was used in this investigation. The inlet to the device is a 15 mm diameter orifice, pointing outwards from the wearer's chest. SKC AirCheck 124 personal pumps were used to aspirate the sampling heads. These pumps compensate for external conditions and filter loading to give a constant sampling flow rate.
The second sampler type used was the CIP 10 personal sampler (ARELCO, France) fitted with an inhalable head. This sampler is aspirated at 10 1 min~' for inhalable sampling. In this configuration, aerosol aspirated through an inhalable inlet is directed on to a foam substrate held in a plastic cup. The inlet is annular, and faces vertically downwards when the sampler is mounted on a worker's chest.
Both sampler types have been verified as showing reasonable agreement with the inhalable sampling convention in wind tunnel tests over a range of wind speeds (Kenny, 1994; Mark and Vincent, 1986; Vincent and Mark, 1990) .
During field visits the samplers were mounted on harnesses designed to hold multiple devices. These were based on a rucksack harness, giving both hip and shoulder support (Fig. 1) . All dimensions were adjustable and a chest strap was included in the design to even the load on the wearer's shoulders. The harness allowed a number of samplers to be positioned within the breathing zone of the wearer as well as allowing the equipment to be removed and replaced with ease. They were found to be comfortable to wear for full shifts provided the work was not of too strenuous a nature. Wearer co-operation was aided by the ease with which they could be put on and removed.
During sampling, the CIP 10 sampler was always mounted on the left hand shoulder strap of the harness (from the wearer's perspective), and the IOM sampler on the right hand shoulder strap. Both sampling heads were within 30 cm of the wearer's mouth and nose.
ANALYSIS OF SAMPLES
The recommended technique for analysing samples for soluble platinum salts (HSE, 1985) is to leach the collection filter in 0.07 M HC1, and analyse the resultant solution using electrothermal atomic absorption spectroscopy (ET-AAS) but this technique does not have the sensitivity necessary to detect low levels of soluble platinum salts in short-term samples. As an alternative, inductively coupled plasmamass spectrometry (ICP-MS) was used to analyse the platinum salts solution, giving up to three orders of magnitude increase in sensitivity over ET-AAS.
The IOM filters and cassettes were leached in 10 ml 0.07 M HC1. The resultant solution was then analysed using ICP-MS. Unexposed filters and cassettes were Fig. 1 . Photograph of the sampling harness being worn. The IOM sampling head is being worn on the wearer's left shoulder, and a C1P 10 sampler on their right shoulder. The harness has been designed to hold multiple samplers comfortably over long time periods, while being easily removable and replaceable. analysed in the same way for background levels of platinum, although these were always below the detection limit of the instrument. The lower detection limit of this technique in terms of ug m~3 airborne soluble platinum was a function of sampled volume and the setup of the analysis system, and approximated to 0.001 ug m~3 for the long-term samples, and 0.01 ug m~3 for the short-term samples.
The CIP 10 cups were washed out with 0.07 M HC1 and the washings placed in a small beaker. These were made up to 50 ml with 0.07 M HC1 and the foams added. As the foams had poor wetting properties they were agitated during leaching. The resulting solution was then analysed using ICP-MS. Unexposed foams and cups were analysed for background levels of platinum, although these were always below the detection limit of the instrument. Due to the increased volume of HC1 used, the sensitivity of the collection and analytical systems approximated to the same as that for the IOM samples; 0.001 ug m~3 for the long-term samples and 0.01 ug m~3 for the short-term samples.
SITE DESCRIPTIONS
Sampling was carried out at three different platinum works where three different processes were undertaken. These are referred to as sites A, B and C. All three have had cases of platinum sensitization in the last 5 years.
Site A
This company is involved in the production of platinum catalysts, in the form of platinum-impregnated alumina pellets. Work is carried out round the clock on the site and is mainly concentrated in three buildings, separated by open spaces.
Alumina base pellets are initially impregnated with chloroplatinic acid in large continuously agitated vats. The chloroplatinic acid is added manually to the vat under local exhaust ventilation. The operator wears respiratory protective equipment during this operation. When impregnation is complete the pellets are emptied into hoppers and transported by fork lift truck to a drying and oxidizing plant. Although the plant is self-contained, dust from the pellets is able to escape. The platinum oxide in the pellets is then reduced to give platinum metal and the final product packaged. Platinum metal is not a respiratory sensitizer.
Site B
The company at site B is involved in the recovery of platinum and other precious metals from high grade feed. The majority of platinum refining is carried out by dissolution, followed by solvent extraction, precipitation of the salt, and reduction to give the pure metal.
Incoming metallic materials are initially graded, and prepared for dissolution. This may involve a number of processes, depending on the initial state of the feed. Respiratory protective equipment is worn during preparation but not by workers in the immediate area. Surfaces in this area were coated with a fine dust originating from grading and preparation.
Graded metallic materials are dissolved in aqua regia and the resulting solution transported in an enclosed system to a solvent extraction plant. Ammonium chloride is then added to the solution, leading to a precipitate of ammonium chloroplatinate forming. This is filtered out in a boxed vacuum filter. The precipitate is removed by hand scoop from the filter while still wet and transferred to polythene bags (respiratory protective equipment is worn during this operation). It is then calcined in a furnace to give platinum sponge.
Site C
This company produces metal-coated electrodes. The plant is occasionally used for platinum coating. Prior to the sampling visit this had only been carried out once in the past 18 months. Each campaign of platinum coating lasts approximately 2 days. However, despite this infrequency of use, cases of platinum sensitization still occur. One case of sensitization occurred following the coating campaign when the sampling was carried out.
The plant operates two lines where electrodes are sprayed with precious metalcontaining paint. The electrodes are then heated to produce the metal coating. Only one of the lines is used for platinum. Containment of the paint spray is achieved by operating under a four zone system. The zones have been designed to allow a lower level of exposure to the paint than the adjacent one, with the lowest exposure in zone 1. Each zone is under negative pressure compared to the previous one ensuring minimal leakage from high to low exposure areas.
Spraying takes place in zone 2 and this is where the majority of sampling was carried out, but the actual spray heads are enclosed in zone 4. Zone 3 includes the area where paints are mixed and prepared, and anti-contamination measures precluded the harnesses and samplers passing between here and zone 2. Exposure was therefore monitored during paint preparation by taking short-term samples with samplers mounted on a separate harness. No long-term sampling was carried out in this zone. Disposable coveralls, gloves, goggles and respiratory protective equipment were worn during paint preparation. Workers entering zone 4 wore two layers of disposable coveralls and gloves, and air fed respiratory equipment. This level of personal protection, and strict contamination control prevented the use of sampling equipment in this zone.
SAMPLING PROCEDURE
Sampling at each of the three sites was carried out over a 2-day period. On each day four workers were selected and allocated harnesses complete ,with personal samplers. This was primarily limited by the sampling equipment available, but in each case allowed sampling on a significant proportion of the workforce. At sites A and C, between 80% and 100% of any one shift were involved in sampling, while at site B the figure was closer to 30%. In this case subjects were chosen to represent all the major procedures carried out. Where possible, samplers were mounted on the same four workers on consecutive days. One sampler on each harness was designated as a shift or long-term sampler and operated continuously for 6-8 h. The other was then used for taking spot short-term samples throughout the day. These were nominally 15 min long although the practical problems of tracing workers and interrupting specific tasks led to some being longer. Short-term samples were targeted at tasks thought to lead to high exposure levels of soluble platinum salts.
For each day's sampling the CIP 10 samplers on two of the harnesses were designated as long-term samplers with the IOM samplers on the remaining two harnesses also being used as long-term samplers. These designations were reversed on the second day's sampling at each site. The resulting arrangement comparing CIP 10 long-term samples with IOM short-term samples, and vice versa was considered to be acceptable in the light of the agreement of each sampler type with the inhalable convention.
Prior to visiting the sampling sites the flow rates through all samplers were checked using a Gilibrator® bubble flow meter (Gilian Corp. U.S.A.). Where the flow rate differed from the target value by more than ±5%, it was reset to the correct value.
In order to take representative air samples from the workplace the harnesses and samplers were kept in the work area throughout the sampling period. When workers left the area for tea and lunch breaks, the harnesses were typically hung on the backs of chairs or on equipment where the workers were operating. This was also the case where the harnesses had to be removed during certain tasks, either because they restricted movement too much or there was a risk of them becoming severely contaminated.
Due to time factors and worker availability, short-term samples were, in general, restricted to four per person per day; fewer were taken when very little activity involving platinum was taking place (for example, on the first day at site C). Conversely, where there was a lot of activity involving platinum, more short-term samples were taken on the relevant person (subject SI at site A, for example).
RESULTS
The data for sites A, B and C are shown in Tables 1-3. Where specific tasks have been carried out during sampling, these have been noted. In addition, Table 4 shows short-term exposure levels measured using the two sampler types simultaneously in zone 3 of site C. Figures 2-4 give a graphical representation of measured short-term versus long-term exposure levels at sites A-C, where a significant number of shortterm samples showing a positive concentration were taken.
DISCUSSION

Chemical analysis
The use of ICP-MS in this investigation has been shown to reduce the detection limit for personal samples typically by three orders of magnitude compared with AAS. This has demonstrated its suitability for analysing 15 min inhalable aerosol samples, typically giving an airborne detection limit of the order of 0.01 ug m~3. This improved detection limit has allowed the activities which give rise to their short-term peak exposures to be established. It has also been sufficiently low to indicate concentrations which were previously too low to detect, but where cases of sensitization have occurred. 
Sampler comparison
Initially it was thought that the higher aspiration rate of the CIP 10 would make it more suitable for taking short-term samples but the additional volume of HC1 needed to leach the soluble platinum salts from the sampler's foam and cup countered the higher sampled volume, giving both sampler types the same lower detection limit.
The assumption that both samplers exhibit the same characteristics is supported by the comparison between long-and short-term exposures (Tables 1-3 
, Figs 2-4).
No pattern emerges from the data of average measured exposure being consistently higher or lower than the measured short-term exposures when using the different sampler types. Comparison between the sampler types in zone 3 of site C (Table 4) , however, shows the IOM consistently indicating a higher exposure level than the CIP 10. It is possible that this is a systematic effect of the samplers being placed on the same lapels throughout sampling but similar effects were not observed at other sites. The difference between the samplers may also possibly be accounted for by splashes entering the open IOM inlet, but not the convoluted CIP 10 inlet, during paint preparation. There is mounting, but largely unpublished, evidence that the IOM sampler is susceptible to collecting very large particles, and splashes that may not be considered inhalable. Vaughan et al. (1990) have published data showing the IOM sampler to be prone to entry by large particles, and Aitken and Maynard (1995) have presented work showing the IOM sampler to have a significantly higher sampling efficiency than an aspirated manikin for particles larger than 100 um in diameter. Although there is no quantitative proof that the IOM samples in zone 3 of site C are overestimates they should be treated with caution.
Exposure levels versus the exposure limit for soluble platinum
The three sites visited show a clear hierarchy with respect to exposure levels with site A showing the highest and C the lowest. At none is the 2 ug m~3 8 h TWA exposure limit for airborne soluble platinum exceeded, however, except for SI and S2 at site B, where respiratory protection was being worn. In most cases the longterm exposure is well below the exposure limit. In addition, none of the short-term samples where respiratory protection was not worn exceeds the currently accepted 15 min exposure level of three times the 8 h TWA. Yet despite this, all three sites have seen recent cases of respiratory sensitization to soluble platinum. This is most Table 1 ). Only comparisons where there were three or more positive short term samples have been shown.
striking at plant C. Not only were levels the lowest here; it was the first time that electrodes had been coated with platinum in 18 months. The majority of this coating was carried out during the sampling exercise, and a case of sensitization was subsequently attributed to the coating campaign. Table 2 ). Only comparisons where there were three or more positive short term samples have been shown.
This evidence appears to indicate that either sensitization is occurring at airborne soluble platinum levels much lower than the British exposure limit, or there is an alternative route of sensitization. There is a possibility that working practices were adhered to during sampling that are not followed rigorously at other times, although Table 3 ). Only comparisons where there were two or more positive short term samples have been shown. most of the workforce involved in the investigation appeared to have a high degree of personal motivation to avoid sensitization. This was largely attributable to regular sensitization checks being carried out, with operators being removed from high exposure risk work on a positive test result. All sites visited were actively committed to reducing the incidence of sensitization, and there was no evidence to suggest lax working practices would be tolerated. We were therefore satisfied that the evidence was against altered working practices leading to low soluble platinum exposure.
The exposure results confirm that the current exposure limit should be a maximum exposure limit (MEL) or similar: an MEL does not claim to be below the no adverse effect level, and further reduction in exposure is required where reasonably practicable. A possible alternative route is dermal exposure: there was the opportunity at each site for significant skin contact with platinum salts. Although this was guarded against more at some sites than others, even infrequent dermal exposure could lead to high levels of soluble platinum salts coming into contact with the skin. At present, however, this evidence is little more than anecdotal and clearly requires further investigation.
